Transmission electron microscopy observation of Kr bubble evolution in polycrystalline UO 2 annealed at high temperature was conducted in order to understand the inert gas behavior in oxide nuclear fuel. The average diameter of intragranular bubbles increased gradually from 0.8 nm in as-irradiated sample at room temperature to 2.6 nm at 1600 C and the bubble size distribution changed from a uniform distribution to a bimodal distribution above 1300 C. The size of intergranular bubbles increased more rapidly than intragranular ones and bubble denuded zones near grain boundaries formed in all the annealed samples. It was found that high-angle grain boundaries held bigger bubbles than low-angle grain boundaries. Complementary atomistic modeling was conducted to interpret the effects of grain boundary character on the Kr segregation. The area density of strong segregation sites in the high-angle grain boundaries is much higher than that in the low angle grain boundaries.
Introduction
Uranium dioxide (UO 2 ) is the primary nuclear fuel in commercial light water reactors. Its physical, chemical and thermodynamic properties have been studied extensively for over half a century by both experimental and theoretical approaches. Fission products, especially inert fission gases such as Kr and Xe significantly impact the performance of UO 2 both during reactor operation and in interim storage or in a disposal repository [1] . These gases have a large fission yield of approximately 25% and low solubility in UO 2 . A fraction of fission gases precipitate into bubbles during reactor operation, and they tend to segregate toward interfaces such as grain boundaries (GBs) where bubbles grow and interconnect [2e9] . The formation of fission gase bubbles leads to fuel swelling and the subsequent release of fission gases increases the pressure in the plenum. These fission gas related processes can cause undesired changes in the mechanical properties of the fuel pin itself [10] . In addition, fission gases lower the thermal conductivity and degrade the fuel's heat transfer performance [11] . It is thus imperative to understand how the fission products, and fission gases in particular, behave within the fuel matrix to predict the fuel performance under different conditions.
Ion irradiation has been widely used to emulate neutron radiation in materials because it can accelerate the irradiation process, reduce the cost, isolate the effects of transmutation in neutron radiation, and causes practically no activation. In the past several decades, this technique has been widely employed to study the fission gas evolution in UO 2 [12e19] . In this work, the Kr ions were implanted into a polycrystalline UO 2 sample at room temperature and then annealed at 1000, 1300, and 1600 C in order to investigate the growth of Kr bubbles. The evolution of both intragranular and intergranular bubbles in Kr-irradiated UO 2 as a function of annealing temperature was comprehensively characterized using Transmission Electron Microscopy (TEM).
Experimental
The polycrystalline UO 2 pellets were prepared at Los Alamos National Laboratory and the detailed procedure is given in Ref. [20] . The O/U ratio was controlled at 2.00 by cooling the pellets in Ar-6% H 2 mixture after sintering. The produced pellets had a relative density of 95% and an average grain size of about 5 mm.
Kr-ion irradiation was conducted using the van de Graff accelerator at the University of Illinois Urbana-Champaign. A disc sample with a diameter of 5 mm was irradiated with 1.8 MeV Kr ions up to a dose of 5 Â 10 16 ions/cm 2 . The dose rate during ex situ irradiation was 8.8 Â 10 12 ions/cm 2 /s. The as-irradiated sample was cut into four pieces and each piece had different post-irradiation annealing treatment. A 1 h isochronal annealing of the three quarters was carried out at 1000, 1300, and 1600 C, respectively, in an Ar-6% H 2 atmosphere in a tungsten-mesh furnace to promote microstructure evolution. One quarter remained was left as a reference.
Grain orientation mapping following ion irradiation and annealing was measured by electron backscatter diffraction (EBSD). For this study, an EDAX EBSD (Ametek) detector on an FEI 3D Quanta focused ion beam (FIB) system located at the Center for Advanced Energy Studies (CAES) in Idaho Falls, Idaho was used. EBSD patterns were collected using the TSL OIM Data Collection 6.2 software. The patterns were collected with a step size of 0.5 mm. GB misorientation was measured using the TSL OIM Analysis 6.2 software. Cross section samples perpendicular to 1.8 MeV Krirradiated TEM disc were prepared using FIB. The samples were thinned to a final thickness of roughly 100 nm using 30 keV Ga ions and the final cleaning was conducted using 2 keV Ga ions. Scanning transmission electron microscopy (STEM) and electron energy loss spectroscopy (EELS) were used to determine the thickness of FIB lamina. The local foil thickness was measured through inelastic mean free path (IMFP) using EELS technique. The IMFP, l, depends on the specimen density r, electron energy E 0 and collection semiangle (excitation semiangle a and collection semiangle b) according to following equations [21] :
The measurements of bubble size and density were conducted manually. Each reported value was the average of five measured areas for the number density and of over 300 measured features for the size measurements.
The Stopping and Range of Ions in Matter (SRIM) computer code [22] was used to simulate the profiles of Kr concentration in UO 2 as a function of depth. The threshold displacement energies for oxygen and uranium are 20 and 40 eV, respectively, which were determined by Soullard in his electron irradiation experiments in UO 2 [23] . The simulation was performed in the Kinchin-Pease damage calculation mode [24] . Fig. 1 shows underfocus and overfocus TEM images of intragranular Kr bubbles in polycrystalline UO 2 irradiated with 1.8 MeV Kr at room temperature, and then annealed at 1000, 1300 and 1600 C for 1 h. The bubble size and density were measured and summarized in Fig. 2 . Tiny bubbles about 0.8 nm in size were observed in the room-temperature irradiated sample. The lattice constant of UO 2 is 0.547 nm and each unit cell contains 4 UO 2 , so the volume of per UO 2 is 0.041 nm 3 . Assuming Kr replaces all U sites in these small bubbles (the ratio of Kr to vacancy is 1), a small feature with a diameter of 0.8 nm will contain about 6 to 7 Kr atoms. However, the arrangement of Kr atoms in sub-nanometric features was not possible to examine because it is beyond the resolution limit of TEM. It isalso expected that many smaller Kr clusters and substitutional Kr are not identifiable using underfocus/ overfocus imaging technique, which may lead to a lower reported value of the bubble number density. All these features are referred to as bubbles in this work even though there is uncertainty regarding cluster and bubble populations at lower length scales. The nucleation of bubbles under ion irradiation at room temperature was consistent with our earlier observation in Xe-irradiated UO 2 but is in disagreement with some other studies, in which a threshold temperature above a few hundred degree is necessary for bubble formation [12e16] . The observation indicates that bubbles may directly nucleate at the vacancy clusters produced in cascades; or they may nucleate through a ballistic mixing process [25] that does not require thermal diffusion of Kr or Xe. The bubbles grew up to 1.5 nm in size when the sample was annealed at 1000 C for 1 h. After annealing at 1300 C, the bubble size distribution was no longer uniform and some big bubbles of several nanometers in diameter coexisted with many small ones (bimodal distribution or two bubble population). The big bubbles exhibited facets that correspond with (111) and (020) planes of UO 2 (Fig. 3) . Bubble 1 shows good facets of (111) planes while the facets of (020) planes are not well developed. Bubble 2 shows perfect facets for both (111) and (020) planes. In a previous experimental study [26] , voids in UO 2 single crystals have been found to form a Wulff shape that consists of (111) and (020) surfaces. The surface energy ratio of g 010 / g 111 was estimated to be 1.42. The faceted bubbles observed in this work seem to have a similar geometry as the non-pressurized voids. In general, voids tend to exhibit facets (e.g. truncated octahedron for fcc metals) that correspond with close-packed planes of the host lattice, whereas bubbles are spherical in shape. However, the presence of facets cannot be used as conclusive evidence to discriminate between a void and a bubble [27] , and our observation of faceted bubbles supports this conclusion. At 1600 C, more faceted intragranular bubbles coexist with the small ones. At the regions near the surface, which was protected by a Pt layer, the small bubbles are dominant and no bubble denuded zone was found ( Fig. 1 (e) and (j)). The small bubbles in the annealed samples at 1000e1600 C are still comparable in size but the big bubbles increase the calculated average size. The average bubble size at 1600 C (2.6 ± 1.6 nm) is close to twice that at 1000 C (1.4 ± 0.2 nm). The larger error bars at higher temperature indicate the increasingly non-uniform distribution of bubbles. Previously bimodal bubble size distribution was observed in low burnup UO 2 after annealing at 1400 C [28] . Chkuaseli and Matzke developed a model based on the assumption that random migration and coalescence of bubbles are the main mechanisms of bubble evolution. According to this model, the joint action of bubble surface and volume diffusion mechanisms is responsible for the bimodal
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o bubble size distribution [29] . The bubble density consistently decreased with the annealing temperature, suggesting that bubble coarsening dominates the bubble evolution during the annealing. The bubble density in asirradiated sample was 3.0 Â 10 24 m
À3
, and decreased to 7.9 Â 10 23 m À3 at 1000 C, to 5.9 Â 10 23 m À3 at 1300 C, and to 1.9 Â 10 23 m À3 at 1600 C. The bubble size and density at 1000e1600 C are close to the reported value in neutron-irradiated UO 2 in which the bubble densities are in a range of 10 23 -10 24 m
and their average size evolves from~1 nm at low burn-up to~4 nm for 49 GWd t À1 [8, 9] . Only large bubbles shown as dark dots due to reduced atomic density can be observed at the relatively small magnification of Fig. 4 (a). The change in bubble density is consistent with the change of Kr concentration along the Kr penetration depth, i.e., Kr bubble density increases with the Kr concentration, and vice versa. Kr bubbles have the highest density at the Kr peak concentration region. The Kr peak concentration of 1.3 at.% corresponds to roughly 20%FIMA (fissions per initial metal atom) of burnup (BU) in fuel (with 20%FIMA of BU being fission gas, it is calculated that the fission gas transmutates from 4 at.% of the total U, which is equivalent to a total fission gas percentage of 1.3 at.% within a comparable region in the UO 2 pellet. The total content of fission gases, include both Kr and Xe is considered as 1.3 at.% for the calculation here.). The higher magnification STEM image shows the coexistence of numerous small bubbles and big faceted bubbles (Fig. 4(b) ). In a recent study by Marchand et al. [17] , three distinct bubble zones in Xe implanted UO 2 after annealing at 1600 C for 12 h were found: No bubbles at depths <~40 nm; a large number of small bubbles (around 2 nm in diameter) at a depth range of 40e110 nm; bimodal distribution population with lots of small bubbles and big bubbles at larger depth. However, the bubble denuded zone near surface was not observed in the present study, probably because the annealing time was too short. Djorelov et al. [30, 31] used positron annihilation spectroscopy technique to show that the process of Xe bubbles formation has not been completed after 3 h of post-implantation annealing at 1600 C, but unfortunately there is no direct TEM results of Xe-implanted UO 2 annealed at 1600 C less than 12 h. It is expected that the migration of Xe bubbles towards the surface at 1600 C could happen during the first couple of hours. Although previous Xe bubble evolution studies are useful references for this work, one must be cautious for making direct quantitative comparison between Kr bubbles and Xe bubbles as the mechanism may differ. Fig. 5 compares the Kr concentration measured by EDX with that calculated by SRIM. In the as-irradiated sample (Figs. 5a and 5c), Kr is detectable at a depth range of 300e700 nm but the measured concentration is lower than calculated one. After post-irradiation annealing at 1300 C for 1 h (Figs. 5b and 5d ), the measured concentration at the depth range of 300e700 nm becomes higher than calculated one. Although the quantitative EDX results are not very reliable, they serve as further confirmation for Kr migration and coalescence of Kr bubbles at high temperatures. Interestingly, the growth of Kr bubbles is accompanied by the growth of dislocation lines. Dislocations are generally considered as sites for bubble nucleation and growth [32] and the dislocation/bubble interaction needs to be further studied in the future. Fig. 6 shows the TEM images of bubble distribution along the GBs in the annealed samples. In all the samples, a bubble denuded zone with a width of 10e20 nm next to GBs was observed. However, this width is much narrower than those reported in literature. For example, Zacharie et al. observed a fission gas bubble denuded zone (hundreds of nm) in the vicinity of the GBs of UO 2 fuel after post-irradiation annealing at 1715 C for 5 h [5, 6] . This discrepancy is likely caused by the shorter annealing time and lower annealing temperatures used in this work. Fig. 7 summarizes the intergranular bubble evolution as a function of temperature. In as-irradiated sample (Figs. 7a and 7e) , the intergranular bubbles were not readily detected by STEM. After annealing at 1000 C for 1 h (Figs. 7b and  7f) , the intergranular bubbles appeared, especially at a depth of 300e700 nm. The intergranular bubbles further grew with the increasing annealing temperature as shown in Figs. 7c and 7g for 1300 C and in Figs. 7d and 7h for 1600 C. At these high temperatures, big bubbles around 50 nm in size were found at the depth of 500e600 nm, at which Kr reaches the peak concentration. Previous atomistic calculations have shown that it is energetically favorable for fission gas atoms such as Xe to segregate into GBs [33] . In the later part of this manuscript, we use atomistic modeling to show that both high-and low-angle GBs serve as sinks for Kr. The intergranular bubbles are much bigger than intragranular bubbles, which is mainly due to the higher thermal vacancy concentration (or lower vacancy formation energy) at GBs. Our observation is consistent with the argument that bubble growth is fast near thermal vacancy sources such as surfaces and grain boundaries [34, 35] . In addition, the intragranular bubbles and the dispersed gas atoms in the UO 2 matrix can migrate towards GBs. Once they reach GBs, the GBs provide fast diffusion paths for them to merge with other intergranular bubbles, which further promote the growth of intergranular bubbles. Evans [36] proposed a mechanism of bubble migration to grain boundaries in UO 2 during annealing: the arrival of thermal vacancies from grain boundaries imposes a large directed motion of bubbles up the concentration gradient. The rapid growth of intergranular bubbles consumes the vacancies and gas atoms around GBs, resulting in the formation of bubble denuded zones [37] . It should be pointed out that the bubble growth rate depends on the Kr concentration. The bubble size at the regions with a higher Kr concentration is bigger than those at low Kr concentration regions even if the former regions are neither close to the surface nor to GBs (Figs. 4 and 7) , indicating the local Kr concentration (or supersaturation) is another important factor for affecting the bubble growth. Fig. 8 shows bubbles on a GB, which is far away from edge-on imaging condition. The high magnification image (Fig. 8(b) ) indicates that these big intergranular bubbles had not yet connected with each other to form tunnels. Therefore, the Kr release via GBs during annealing in the current samples is expected to be very limited. This is in a good agreement with the recent observation by Marchand et al., who used Secondary Ion Mass Spectrometry (SIMS) to measure the Xe distribution in Xeimplanted UO 2 during annealing [17] . There was no significant Xe release in Xe-implanted UO 2 during annealing at 1600 C for 16 h. Initially, swelling and release of fission gas are controlled by the coalescence of bubbles. Subsequently, when the tunnels are formed, the swelling continues by coalescence while the release is controlled by the diffusion of fission gas atoms in the matrix into the GBs [5, 6] . Fig. 9 shows a EDX line scan across a GB after annealing at 1300 C for 1 h. The line scan is about 50 nm from each side of the GB. Higher concentration of Kr at the GB compared to that in the grain interior was found, indicating that Kr segregated at GB during high temperature annealing. Fig. 10 compares the distribution of intergranular bubbles at a high-angle grain boundary (HAGB) and a low-angle grain boundary (LAGB). GB1 is a HAGB with a grain misorientation of 48.8 and GB2 is a LAGB with a grain misorientation of 14.6 determined by EBSD. GB1 holds bigger bubbles compared with GB2 ( Fig. 10(b) ), indicating that more Kr segregated toward HAGB compared with LAGB. The segregation of Kr at GBs determined by EDX is in a good agreement with the results determined by atom probe tomography (APT) on the same material. The amount of Kr at the LAGB at 1600 C was 0.224 Kr-atoms/nm 2 compared with 0.302 Kr-atoms/nm 2 at HAGB [38] . The typical explanation of this difference is that HAGBs usually consist of more open defect structures than the LAGBs [39] . The more open structure of the HAGB can therefore accommodate greater amount of solutes or impurities and therefore the HAGB can hold a larger volume of Kr bubbles as compared to LAGB. In this work, the rotation angle of the LAGB is 14.6 , which is close to the transition angle (~15 ) between low-and high-angle GBs. Therefore, this GB may contain a considerable volume of open structure but still less than that in the HAGB.
Intergranular bubbles
Molecular statics calculations
To understand the effect of GB character on the Kr segregation in UO 2 , complementary molecular statics calculations are conducted to calculate the Kr formation/segregation energy profiles across GBs. Two tilt GBs of similar misorientation angles as in our experiments are constructed in UO 2 : A LAGB with a misorientation angle of 14.3 and a HAGB with a misorientation angle of 48.9 . The rotation axis is <100> in both GBs. The LAGB contains 7680 atoms and the dimensions are 2.727 nm Â 4.397 nm Â 8.659 nm in the x, y, z directions, respectively. Here the x direction is the rotation axis direction, y direction is the other direction parallel to the GB plane, and z direction is perpendicular to the GB plane. Similarly, the HAGB contains 10,560 atoms and the dimensions are 2.727 nm Â 6.590 nm Â 7.944 nm. The newly developed embedded atom method (EAM) potential by Cooper et al. is used to model the Kr-UO 2 system [40, 41] . An important feature of this potential is that it includes an embedded term to capture the many-body effects, which are typically overlooked in conventional pair potentials for oxides. All simulations were conducted using the LAMMPS package [42] . Periodic boundary conditions are applied in all three directions.
Firstly gamma surface mapping was conducted to find the minimum-energy GB structures for the two GBs. In the gamma surface mapping, one grain was translated relative to the other as a rigid body along the x and y directions within one GB unit cell based on a predefined grid. At each translation grid point, the energy of the GB-containing system was minimized using the conjugate gradient minimization method implemented in LAMMPS. After the mapping is completed, the minimum-energy structure was selected for calculating the Kr segregation energy profile for each GB. The obtained minimum-energy structures of the LAGB and HAGB are shown in Fig. 11(a) and (b) , respectively. In the LAGB (Fig. 11(a) ), the GB is symmetric across the GB plane. Two dislocation cores separate at the GB, indicating that this GB retains the low-angle GB characteristics. In the HAGB (Fig. 11(b) ), the dislocation cores overlap so that the structure is more complex. Interestingly, the GB plane forms a "zig-zag" structure rather than a flat plane. The calculated GB energies are 1.61 J/m 2 for LAGB and 1.52 J/ m 2 for the HAGB. Note that the LAGB has a slightly higher GB energy than the HAGB. To check whether the predicted GB properties are specific to the interatomic potential, independent gamma surface mapping and GB energy calculations are conducted using the widely used Basak potential [43] . Similar GB structures as in Fig. 11 (a) and (b) are found (not shown). In particular, the HAGB also forms a zig-zag structure. The GB energies are 1.52 J/m 2 for LAGB and 1.50 J/m 2 for the HAGB predicted by the Basak potential. The HAGB still has a slightly lower GB energy than the LAGB, although the difference becomes smaller. Therefore, the predicted GB properties are consistent between the two potentials and not specific to the EAM potential. Next the Kr formation/segregation energy profiles across two GBs were calculated. In these calculations, the Kr formation energy was calculated at all U sites in each system by replacing each U atom with a Kr atom, one at a time. Once a U atom was replaced by a Kr atom, the conjugate gradient method was used to minimize the system energy. After all the U sites were sampled, a Kr formation energy profile across each GB (along the z direction) was obtained. The Kr segregation energy profiles for the two GBs are shown in Fig. 11(c) and (d) . For convenience, the Kr formation energy in the bulk region in each GB-containing system is set to zero to serve as the reference energy. Therefore, the negative energies correspond to favorable segregation sites and vice versa. For a segregation site, the magnitude of its energy drop relative to the reference energy is defined as the segregation energy. From the segregation energy profiles, it is clear that at both GBs many sites have negative energies, indicating that thermodynamically both GBs are sinks for Kr atoms. These results are consistent with previous calculations that GBs in UO 2 are sinks for Xe [33] . It is interesting to note that not all U sites at GBs are favorable segregation sites for Kr because the formation energies at some sites are positive in both GBs. In the LAGB, the segregation energy profile is symmetric across the GB and the maximum segregation energy is about 2.39 eV. However, only 10 sites have such a low segregation energy and the majority of the sites have segregation energies less than 1.1 eV. The GB influence width, which is defined as the formation energy clearly deviated from the bulk value, is estimated as 2.3 nm for the LAGB by visual inspection. In the HAGB, the segregation energy profile is not symmetric across the GB. The maximum segregation energy is also smaller than the LAGB, about 1.7 eV. However, the distribution of the segregation sites is at all energy levels, which is more continuous than the LAGB. The GB influence width is close to the LAGB, about 2.0 nm. Based on above information, it is difficult to predict which GB segregates more Kr. One might even speculate that the LAGB is a stronger sink than the HAGB as the maximum segregation energy, GB influence width, and GB energy of the LAGB slightly win over the HAGB, which contradicts our experimental observation.
Here we propose that the GB area density of potential segregation sites as a measure of the GB sink strength. The area density is defined as the number of segregation sites per GB area which have the segregation energies greater than a threshold value. Therefore the area density is a function of the threshold segregation energy. For example, in the LAGB there are 10 sites having the segregation energies greater than 1.1 eV (Note in Fig. 11(c) , these sites are those below À1.1 eV). So the area density at this threshold energy is 10 divided by the GB area. The calculated area densities of potential segregation sites as a function of the threshold segregation energy are shown in Fig. 12(a) for both LAGB and HAGB. When the threshold segregation energy is less than 0.1 eV, the area density of LAGB is higher than the HAGB. Between 0.1 eV and 0.3 eV, the two GBs have similar area densities. However, above 0.4 eV, the HAGB has a constantly higher area density than the LAGB. This result indicates that HAGB has more "strong" segregation sites per GB area than the LAGB. When the Kr segregation is not saturated at GBs, which is the case in our experiment, the "strong" segregation sites should play more important roles than the "weak" segregation sites because Kr atoms tend to stay at lower energy sites. Therefore, the area density of potential segregation sites at high threshold segregation energy may be used to interpret our experimental observation that the HAGB segregates more Kr than the LAGB. To better compare the area densities of the potential segregation sites of two GBs, Fig. 12(a) is replotted as the ratio of the HAGB to LAGB as a function of the threshold energy, as shown in Fig. 12(b) . Although the ratio fluctuates, it is clear that the HAGB can have several times of more potential segregation sites per GB area than the LAGB, indicating that the HAGB is a stronger sink for Kr than the LAGB, which is consistent with our experimental observation.
Although HAGBs interact with fission gases such as Kr and Xe more strongly than LAGBs, it should be noted that both HAGBs and LAGBs are sinks for fission gases in UO 2 . In a restructured fuel region where a high burnup structure (HBS) forms, the HBS consists of high-density LAGBs [44] . The grain size in HBS is about a few hundred nanometers. The small grain size and high GB density in HBS may have two important effects on fission gas evolution: short diffusion length from grain interior to GBs and fast diffusion along GBs. Therefore, the LAGBs in HBS may still interact with fission gases strongly. Indeed, it was observed that large fission bubbles form at HBS [44] , likely due to the two effects mentioned above. The fission gases in the grain interior are expected to be depleted by the high-density GBs, which may improve the overall thermal conductivity of HBS [45] . In a normal polycrystalline fuel, HAGBs should contain more large bubbles than LAGBs, as observed in this work.
Conclusions
In this work, we investigated the Kr bubble evolution and distribution in Kr-irradiated UO 2 at three annealing temperatures. Specifically, the microstructure of Kr bubbles in UO 2 as a function of annealing temperature was characterized by TEM. Our results of bubble formation under room temperature irradiation indicate that Kr bubbles may directly nucleate at the vacancy clusters produced in cascades or through a ballistic mixing process because such processes do not require Kr and U vacancies to be diffusive. The formation of bimodal distribution of bubbles upon hightemperature annealing indicates the combined action of bubble surface and volume diffusion mechanisms. Grain boundaries act as thermal vacancy sources and Kr segregation sites, which induce the migration of intragranular bubbles towards to grain boundaries and then coalesce with the intergranular bubbles through the fast GB diffusion. The consumption of vacancies and Kr atoms results in the formation of bubble denuded zone near the grain boundaries. The distribution of intergranular bubbles was characterized and we found that the high-angle grain boundaries hold bigger bubbles compared to low-angle grain boundaries. Molecular statics calculations were used to calculate the Kr segregation energy profiles across a HAGB and a LAGB of similar misorientation angles as in our experiments. The modeling results show that the area density of strong segregation sites in the HAGB is much higher than that in the LAGB, which provides a reasonable explanation for our experimental observation of Kr segregation at the two GBs. This work gives preliminary results of connecting fission gas segregation behavior to grain boundary characteristics using ion beam irradiation technique. In the future, a comprehensive study on the effectsof GB characteristics, including coincident site lattice (CSL) GBs and non-CSLGBs on fission gas segregation will be investigated.
